In Turkey, as in various parts of the world, there is almost no wind data of the appropriate quality for an evaluation of wind potential. Therefore, in this study, wind characteristics have been analysed in Kutahya, Turkey. Characteristics such as annual, seasonal, monthly and diurnal wind speed, and wind direction variations are examined between July 1, 2001 and June 30, 2004. A technical assessment has been made of the electricity generation using ALWIN program for the wind turbines that have different sizes between 300 and 2000 kW rated power. The annual energy produced by a Bonus 1 MW/70 wind turbine is estimated to be 1276 MWh for the Dumlupinar University Main Campus. The energy production analysis showed that the average wind speed, which indicates the suitability with small size wind turbines, produces electricity to fulfil the deficient electric power during the peak hours.
I. INTRODUCTION
The increasing global population and the fast depleting reserves of fossil fuels causing environmental pollution as a result of incomplete combustion have encouraged researchers to search for clean and pollution free sources of energy. It is now evident that renewable energy technologies play a strategic role in achieving the goals of sustainable economical development and environmental protection. The use of wind energy is growing faster than any other type of renewable energy because of improvements in wind turbine technology over the past 20 years. Wind energy provides a variable and environmental friendly option and national energy security at a time when decreasing global reserves of fossil fuels threatens the long-term sustainability of the global economy. The utilisation of wind resources as a clean energy source requires an extensive evaluation of the existing wind potential at the location of interest. For a comprehensive evaluation, a qualitative and precise wind *Corresponding author. E-mail address: rkose@dumlupinar.edu.tr (R. Kose). data collection is essential. As wind energy technologies continue to mature, its performance is becoming more and more reliable, while its cost continues to decrease. Wind energy is expected to play an increasingly important role in the future national energy scene (Sayigh 1999; Ackerman and Söder 2002) . The worldwide wind power installed capacity has been increasing rapidly due to new projects being commissioned in different parts of the world. The cumulative worldwide wind energy generation capacity reached 47,317 MW at the end of 2004 (GWEC, 2005) . Of this capacity, 7976 MW of new generation capacity was added during the year of 2004 only, an increase of 20% when compared to the previous year. Germany is still the world is market leader with 16,629 MW installed capacity (35.1% of the worldwide capacity), followed by Spain (8263 MW, 17.5%), USA (6740 MW, 14.2%), Denmark (3117 MW, 6.6%), and India (3000 MW, 6.3%) (GWEC, 2005) . Much of that growth is due to cost reductions and progressive government policies. If this trend of growth continues until the year 2020, the wind power will provide almost 2.4% of the worldwide electrical energy generation (EWEA, 2005) . This latest edition of Wind Force 12 demonstrates that there are no technical, economic, or resource barriers to supplying 12% of the world's electricity needs with wind power alone by 2020 (GWEC, 2005) . Therefore, more and more countries focus on wind energy to solve their environmental and electrical problems.
It is significant to have information about availability of local wind power in order to make use of wind power for generating electricity and to determine the amount of energy to be produced. Knowledge of the wind characteristics is of great importance in the exploitation of wind energy resources for a site. The aim of the present study is to analyse the usage of the wind energy to produce electricity and the possibility of the electrical energy production from the wind energy in Kutahya, Turkey. However, there does not exist a detailed analysis of the wind characteristics and the wind energy potential. This study has been performed to investigate the wind characteristics and assess the wind energy resource for this area. Therefore, firstly, a wind observation station has been established inside the Dumlupinar University's Main Campus, which is located at high altitudes of Kutahya. Secondly, wind data has been collected in this observation station between July 1, 2001 and June 30, 2004 and finally, the data have been evaluated via CALLaLOG 98 and ALWIN software. Then, the electrical energy that can be produced by the wind turbines has been calculated on a monthly basis employing the data from the power curve and the relevant frequencies of the wind speed.
II. THE CURRENT STATE OF THE ELECTRICAL ENERGY GENERATION IN TURKEY
More than 50% of Turkey's energy requirement is being imported, and air pollution is becoming a great environmental concern in the country. The environmental pollution caused mainly by consuming fossil fuels in order to meet the increasing demand for energy have become an important matter in Turkey's agenda during the last decades. Thermal power plants (consuming hard coal, lignite, natural gas, and petroleum) are generally used to meet the electricity demand. Currently there are 15 coal-fired thermal power plants which have a share of 47% in total installed power capacity, the share of natural gas fired thermal power plants is 49% in total (EUAS, 2004) . In fact, natural gas is the fastest growing primary energy source in the country. Hopes of ensuring a sustainable energy strategy lie in renewable energy sources as an alternative to fossil fuels. Of the renewable sources of energy available in Turkey, wind power has both the technical capacity and potential for large-scale dissemination to make it suitable as a major alternative to fossil fuel-fired thermal power plants. Table 1 presents the distribution of the electric energy production according to the energy sources for Turkey in 2004. As can be seen from the Table 1 , fossil fuel-fired thermal power plants are used to meet most of the increased electric energy demand. It is clear from this table that the percentage of the electrical energy production from the wind energy is very low, representing 0.04% of the total capacity with 57 GWh in 2004. Like other developing countries, Turkey's electric energy demand has been growing steadily, with an average annual growth of 9% over the past 30 years. The Ministry of Energy and Natural Resources (MENR) predicts 7% annual growth until 2020. According to the predictions prepared by the MENR, the country will need an electrical power capacity of approximately 65 GW by the year 2010, and about 109 GW until 2020 (SPO, 2001; FE, 2003; IEA, 2003; WECTNC, 2003; Kose, 2004; MNER, 2005) . Up to the end of the year 2020, an additional capacity of approximately 71 GW is required in order to meet the increasing demand of the country. There is a significant room for expanding the renewable energy use in Turkey, which has a large potential of wind, geothermal, biomass, and solar energy as well as hydro (Kaygusuz 2002; Demirbas and Bakis 2004) . In this regard, Turkey has to make use of its renewable resources, such as wind, geothermal, and solar, not only to meet the increasing energy demand, but also to reduce the environmental pollution.
III. THE WIND ENERGY POTENTIAL IN TURKEY
Turkey has a very large potential for wind power, but this potential has not been used for many years due to government policies, which supported the use of petroleum and hydropower as energy sources. Turkey's wind energy potential could not be definitely calculated due to the insufficiency of available data. However, Turkey's total theoretically available potential for wind power is found to be around 88,000 MW annually (GWEC, 2005) . Turkey presently has an economical wind power potential of about 10,000 MW, but progress in wind turbine technology continuously increases (FE, 2003) . It is expected that the wind energy could play an important role for future In recent years, there is an increasing interest to use the wind energy for electricity production. In May 2005, the Turkish Parliament finally approved a renewable energy law, which will provide feed-in tariffs for electricity from renewable energy sources. The law will support wind, small hydro and geothermal power essentially and is expected to open the door to 4-5,000 MW of renewable energy installations in the next five years. The law sets up a purchase guarantee of the average whole-selling electricity price (some 5 cent/kWh) for a period of 7 years for electricity generated from renewable energies. This tariff is much below the average remuneration in the leading European wind markets. It is hoped that this package of measures will finally encourage Turkey's major wind energy potential to begin to be properly exploited. According to some main indicators of wind energy resources (such as wind energy density, average effective speed) wind resources throughout the whole country can be classified into four types: marginal, moderate, good, and excellent (see Figure 1 ). Figure 1 shows that the central Anatolia region does not provide potential wind energy locations. The most promising region is in Northwest Turkey, including the areas of the Aegean Sea and the Marmara Sea. These regions are highly suitable for the wind energy generation, since the wind speeds exceed 3 m/s in most of these areas (EIE, 2005) .
Before making plans or programs related to the use of the wind energy, it is necessary to discover the potential of this resource. Therefore, public institutions and universities have been striving to measure the wind potential and to conduct certain research projects about this resource (Tolun et al., 1995; Turksoy, 1995; Sen and Sahin, 1998; Oztopal et al., 2000; Durak and Sen, 2002; Kose et al., 2002; Ozgener and Hepbasli, 2002; Ozerdem and Turkeli, 2003; Akpinar and Akpinar, 2005; EIE, 2005; Dundar and Inan, 1996) . Unfortunately, at present time, we do not have enough wind speed data registered at wind speed stations along all prospective sites of Turkey. As a result of long-time work, in June 2002, Turkey's Wind Atlas was assembled and published by the General Directorate of Electrical Power Resources of Turkey (EIE) and the Turkish State Meteorology Organisation (Dundar et al., 2002) . The Atlas was prepared by using WA S P (Wind Atlas Analysis and Application Program) model used for European Wind Atlas. However, further studies on the assessment of wind energy in Turkey are necessary.
The first wind power facility commissioned in February 1998 is located near the city of Izmir in western Turkey. At present there are just two wind farms operating in Turkey built through a Build-Operate-Transfer (BOT) scheme, and two "auto producer plants" supplying local industrial demand. One of the two wind farms is located in the Izmir-Cesme Alacati region, which has 12 wind turbines for an installed capacity of 7.2 MW; the other is in the Canakkale-Bozcaada region, which has 17 turbines with 10.2 MW installed capacity. Currently, the country has an installed capacity of 20.6 MW with medium sized wind turbines connected directly to the electric network (WWEA, 2004) . Besides this, 72 new projects totalling about 4226 MW are under evaluation by the MENR (MNER, 2005) . According to these projects, the estimated wind energy capacities are 2100 MW by the year 2010. By the year of 2010, the targeted share of electrical energy from the wind energy is expected to increase by 2% of the total amount of electrical energy used in Turkey (SPO, 2001) . Also, some projects to install 11,200 MW wind turbines by the year of 2020 have been developed. According to this, the installed wind energy capacity of Turkey would increase from 20.6 MW to 11,200 MW and share of wind energy for generating electricity would increase from 0.05 to 3.55%. The maximum size wind farm that could be connected to the national grid is estimated to be between 10 and 15% of its average load, which amounts to an 11,200 MW wind farm. For this purpose, it is necessary to build 18,600 wind turbines with 600 kW rated power by the year of 2020 in Turkey. In practice, restrictions resulting from an inadequate grid infrastructure, including transformers and transmission lines will not allow this level to be reached in the near future. Nonetheless, it is expected that installed capacity could exceed 10,000 MW within a few years if the necessary investments were made.
IV. MATERIALS AND METHODS
The city of Kutahya, (39°42′ N, 29°93′ E, 170,000 inhabitants), is located at the central western part of Turkey. In general, Kutahya has low wind speeds and therefore, has limited wind energy potential. However, there may be specific sites and applications where the wind is a cost-effective option. For the proper and efficient utilisation of the wind power, the knowledge of statistical characteristics, persistence, availability, diurnal variation, and prediction of wind speed is very important. Of these characteristics, the prediction of mean monthly and daily wind speed is important for the short-term and future wind-power planning. Therefore, the position of the wind observation station should be chosen correctly, the appropriate wind measurement equipment should be used and then, the recorded data should be evaluated. In this study, the wind observation station, which is situated at 1100 m high above the sea level and at the co-ordinates of 29°54′4,04′′ longitude and 39°29′6,34′′ latitude stand a mast, is fixed with the equipment erected to measure the wind speed and wind direction at the height of 30 m ( Figure 2 ). Temperature, relative humidity, and atmospheric pressure data have been obtained from a thermometer, a hygrometer, and a barometer, respectively. The data regarding the materials and methods of this study can be found in Kose, (2004) and Kose et al., (2004) .
V. DATA COLLECTION AND EVALUATION
The wind speed, wind direction, air temperature, relative humidity, and air pressure data collected for every 10 min interval at the measurement mast location of 30 meter height for a period of three years from 2001 to 2004 have been used to analyse the wind energy potential of Kutahya. During this investigation, information on the speed and direction of the wind has been collected for 36 months, making use of anemometers placed at the 10th and 30th meters of the measurement mast. The data logger has recorded the parameters measured at the observation station every second, and the average, minimum and maximum values, and their standard deviation have been recorded for 10 min intervals. The CALLaLOG 98 software has been used for this purpose. The recorded wind speed and direction data have been archived in the 118 Assessment of the wind energy potential of Kutahya, Turkey CALLaLOG 98 software as daily files and monthly folders, and to evaluate the wind data, the ALWIN software has been used. This software allows us to measure the wind energy by making use of the recorded data and the topographical characteristics of the region. Moreover, this software is capable of determining the location of turbines, the average wind speed potential, the average dominant and strong wind directions, and the amount of energy, which can be produced for the current data. The missing data should not exceed 10% according to the standards (AWS Scientific Inc., 1997). Among all the data collected during this research, the amount of lost data is not over 2%.
VI. RESULTS AND DISCUSSION a. Analysis of wind data
The monthly distribution of the wind speed measured between July 1, 2001 and June 30, 2004 is plotted in Figure 3 . The figure also shows the corresponding mean values of wind power densities. It is very important to describe the variation of wind speeds for optimizing the design of the systems resulting in less energy generating costs. The wind speed distributions and wind power density are represented by Weibull distribution. It is also clear from Figure 3 that the wind speeds for whole year has the lowest value in the month of September and the maximum in the month of February, ranging from 3.91 to 5.28 m/s. According to these results, the average speed for 10 m is 4.27 m/s and it is 4.60 m/s for 30 m height. This means that, under the current wind turbine technique, this area may not be suitable for year round large-scale electricity generation due to the cost factor. However, for small-scale applications, and in the long-run with the development of wind turbine technology, the utilisation of wind energy is still promising. It is seen from this figure that the period of above mean annual wind speed is in general from December to April. The average wind speed during these five months is approximately 5 m/s. It is obvious that the highest wind speed is measured in February, followed by 5.16 m/s in January. This is due to the fact that this station has a typical terrestrial climate, which is cold and wet in winter with a large variation in ambient temperature. The wind energy density is a function of the distribution of the wind speed and the air density. The best way to evaluate the wind resource available at a potential site is done by calculating the wind power density. It indicates how much wind energy can be converted to electrical energy by a wind turbine. The mean value of wind power density has been calculated as 140.75 W/m 2 .
The diurnal variation of the wind speed provides information about the availability of suitable winds during the entire 24 hours of a day. The diurnal behavior of hourly average wind speeds at 30 m above the ground level is shown in Figure 4 . It is also seen from this figure that hourly wind speeds vary between 5 and 6.26 m/s with maximum occurrence in the afternoon. This figure also indicates that the wind speeds decrease slightly in the early morning and evening hours. During the entire day, the wind speed varies between a minimum of about 3.33 m/s at 6:00 a.m. and a maximum of about 6.26 m/s at 6:00 p.m. Daily wind intensity variations, which are directly related to daily temperature variations, are low in the mornings, reach a maximum value in the afternoons and start decreasing in the evenings.
Determining the wind speed according to wind direction is important to conduct the wind energy researches and also displays the impact of geographical features on the wind. Analysis for wind direction is of importance for planning wind turbine installation, multiwind or single wind turbine. In order to construct the wind rose and analyse the frequency distribution, all hourly average values of wind speed and wind direction were used and the resulting wind rose diagram is shown in Figure 5 . According to Figure 5 , the most windward directions are Southeast and Northwest, and the directions in which the wind is strongest are towards the north-western and south-eastern regions. Figure 6 shows the daily variations of the hourly average wind speed for January, February, and March, which are representative months of the high wind speed, in the station here considered. As can be seen in Figure 6 , the hourly average wind speed during the day shows a typical behaviour, the magnitude of the wind speed is near 120 Assessment of the wind energy potential of Kutahya, Turkey It is important to know the number of hours per month or per year during which the given wind speeds occurred, i.e. the frequency distribution of the wind speeds. To describe the available wind distribution at a site and analyse the energy exchange between the wind and the wind energy conversion system (WECS), the Weibull distribution and its special case, the Rayleigh distribution, have been used to study the wind data. The corresponding average wind speeds and best fits to a two-parameter Weibull distribution are shown in Figure 7 . Weibull-a is the wind speed-normalising factor, and Weibull-c is the shape factor in the Weibull wind speed distribution. Figure 7 shows the areas where the wind speed values are measured more frequently and the frequency histogram has been used for the selection of the wind turbines. The variable least squares method has been applied to the observed frequency distribution, and the Weibull-a, Weibull-c, and Rayleigh parameters have been measured as 5.31, 1.56, and 4.78 m/s respectively. The Weibull distributions represent a good approximation of the actual wind speed probability frequency and can be used for the determination of the wind turbine characteristics.
c. Electricity generation and analysis
The wind speed is extremely important for a wind turbine that can convert to the wind energy electricity. The electricity produced by the wind turbine has been calculated on a monthly basis employing the data from the power curve and the relevant frequencies of the wind speed. The wind turbine's power curve, which gives the electrical power output as a function of wind speed, must be known. For a horizontal axis wind turbine, this is usually defined as the wind speed at the hub height. Wind turbines come in a variety of sizes, depending upon the use of the electricity. There are comprehensive reviews of the various types of wind turbines in the ALWIN software. The wind speed Five different wind turbines were researched and used in simulating the results of this study, ranging from 300 kW to 2 MW. The technical specifications of selected five wind turbines used in summarised in Table 2 (Bonus, 2005) . The wind power curves for all the wind turbines are depicted in Figure 8 . Using the power curve, it is possible to determine roughly how much power will be produced at the average or mean wind speed prevalent at a site. It is clear from the figure that at wind speed below 3 m/s, threshold value, there is no power produced. As seen in Figure 8 , the turbines start energy production at 3 m/s wind speed (cut-in) and reaches nominal power production approximately at 15 m/s (rated). The cut-out speed for almost all the turbines is 25 m/s. Characteristics  Turbine-1  Turbine-2 Turbine-3  Turbine-4  Turbine-5 The capacity factor is a parameter often used to describe the energy production performance of a wind turbine. In this study, the calculated power curve data are valid for standard air conditions of 15°C air temperature, 890 hPa air pressure, 1.225 kg/m 3 air density, clean rotor blades, and horizontal undisturbed air flow. The annual energy output has been obtained using ALWIN software for the given turbines and the results are summarised in Table 3 . The energy output data is used to calculate the capacity factor of the wind turbines, five wind turbines from the bonus of sizes 300, 600, 1000, 1300, and 2000 kW. The capacity factor for the given turbines are compared and shown in Table 3 .
The Bonus 1 MW turbine which has a 54 m rotor diameter, swept area of 2300 m 2 and the height of 70 m has been chosen as a sample in order to evaluate the 36 months of wind data of the Kutahya region. The power curve of the turbine has been used to calculate the energy production. As shown in Table 4 , the generator output of the wind turbine varies between 0 to 1000 kW for a wind speed of 3-15 m/s. When the wind speed exceeds 15 m/s, the wind turbine rotor blade pitch control function regulates the generator output to 1000 kW on average. The capacity factor for the wind turbine was found to the frequency distribution between 12.8% and 14.7%. As shown in Figure 9 , which is plotted using the data in Table 4 , the data obtained during the measurements reveal that the capacity factor of the sample turbine is 14.5% and the annual energy is 1276 MWh.
The annual electrical load at the Dumlupinar University's Main Campus is about 2300 MWh (DPU, 2005) . In order to provide the Main Campus's energy needs, the prefeasibility studies have been conducted from the wind farm technology. If such a 124 Assessment of the wind energy potential of Kutahya, Turkey plant were to be built, one of the major considerations would be the availability and cost of the electricity required. A significant effort is expected on this project for Main Campus in the near future. The electrical load of the Main Campus can be produced by the wind turbines and the excess energy can be connected the electrical grid. Figure 10 gives the annual wind electrical production as a function of the number of turbines for two sample turbines and also shows the annual electrical load at the Main Campus of Dumlupinar University. Two different turbines have been considered: a Bonus (600 kW/58 m) and a Bonus (1 MW/70 m). Figure 8 shows the power curve for the two selected wind turbines. As seen in Table 3 , the data obtained during the measurement reveal that the capacity factor of Bonus (600 kW/58 m) turbine is 14.2% and the amount of energy that can be produced is 760.3 MWh/year. The capacity factor and the amount of energy for Bonus (1 MW/70 m) are 14.5% and 1275.9 MWh, respectively. Figure 10 has been prepared for illustration of the relation between the annual energy load at the Main Campus and the annual energy output for the two considered turbines. It is clear from the figure that the estimated annual energy produced by the Figure 10 . Wind energy production versus number of wind turbines is expected to continue in the up-coming years followed by restructuring of the Turkish electrical energy market. The wind energy almost does not have any applications yet. But the technological improvements should be developed in the near future to take advantage of this energy.
In this study, the average wind speed and energy density measured in Kutahya for a period of 36 months reveals that the current technology does not provide the economical electrical energy production from the wind energy. The measurements should be evaluated for the long-term in accordance with the technological developments and reduction of turbine costs. Sometimes there are some wind gusts of very high speeds, but their frequency and duration would not warrant one to think about the probability of power generation on a note-worthy scale. The result derived from this study encourages the utilisation of a wind energy plant at the Main Campus area of Dumlupinar University.
The available wind power in Kutahya is not sufficient to reach an economic status. Therefore, the best application of the wind energy in Kutahya may be used for the low power consumption places. Small size wind turbines can be connected to the main electric grid, and utilised to support the deficiency of electricity during the peak hours.
As the market has grown, wind power has shown a dramatic fall in cost. The cost of wind power generation falls as the average wind speed rises. Currently, wind energy is less cost-effective than other conventional power generation technologies. This study illustrates the wide range of wind-based systems that can be used to supply the electrical load of Main Campus.
